Abstract Idiopathic pulmonary fibrosis (IPF) is a chronic progressive fatal disorder that remains difficult to treat. In this review, we examine non-pharmacological treatment modalities, including lung transplantation, pulmonary rehabilitation and palliation. Lung transplantation, the only therapeutic intervention that offers survival benefit, should be considered in all IPF patients with progressive disease who meet the International Society for Heart and Lung transplantation guidelines. Pulmonary rehabilitation improves exercise capacity, reduces dyspnoea and improves quality of life in IPF patients, and should be made available to patients. For those patients with advanced disease, palliative services offer symptom management, improved quality of life and psychological support for patients and their caregivers.
Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive, debilitating and fatal disease. It is characterized by cough, unrelenting breathlessness and loss of lung function. Over a short period of time, older adults (with median age of 66 years) become housebound, oxygen dependent and increasingly debilitated. IPF causes respiratory insufficiency and eventually death. The estimated 5-year survival rate is 20-30 % after 5 years and carries a worse prognosis than many cancers [1••] .
It is essential that a definitive diagnosis of IPF be made by a multidisciplinary team integrating clinical, laboratory, radiological, and pathological data [1••] . Medical therapies that will be tolerated by patients may be considered, albeit these have not shown to improve survival, or conclusively slow the progression of the illness [1••, 2••]. Patients should be offered access to clinical trials where they are available and followed up in a timely manner (every 3-6 months). Physicians should be mindful of changes in symptoms that could be indicative of infective exacerbations, pulmonary emboli or the development of pulmonary hypertension. Patients should be assessed for oxygen therapy and have access to pulmonary rehabilitation programs. Those patients who meet the eligibility criteria should be considered for lung transplantation. Referral to palliative services should be made for those patients who fail medical treatment, continue to progress and are not candidates for transplantation.
In this article, we focus on approaches of pulmonary rehabilitation, palliative care and lung transplantation for these patients.
Lung transplantation

Lung allocation score
The first successful lung transplantation in a patient with IPF patient was performed by the Toronto group in 1983. In the 1990s, it had become evident that many patients with IPF died awaiting transplant. Before May 2005, lungs were allocated in the United States by the time spent on the waiting list, without regard for the severity of the illness or likelihood of survival. With waiting times averaging 2 years, patients were referred early so that they could accumulate "waiting time". The United Network for Organ Sharing (UNOS) introduced measures whereby patients with IPF who had accrued 6 months "waiting time" could be prioritized. Due to the growing number of patients on the waiting list, the increasing numbers of deaths while on the waiting list, and the scarcity of organ, a lung-allocation score (LAS) was developed by UNOS. Under the LAS system, a waiting list urgency measure (expected number of days lived without a transplant during an additional year on the waitlist) and a post-transplant benefit measure (expected number of days lived during the first year post-transplant) are calculated using an individual candidate's clinical and physiological characteristics and the statistical models [3] . The LAS is defined as the transplant benefit measure minus the waiting list urgency measure. It is a score between 1 and 100, with higher score representing urgency and a greater transplant benefit. Even before the introduction of the LAS, numbers of transplanted IPF patients were increasing; numbers gradually increased from 16 % in 2000 to 28 % in 2009 [4••] . LAS appears to be achieving its objectives by reducing waitlist time for patients with IPF [5] ; waiting list mortality has been reduced from 47 % [6] to 15 % [7•]. However, IPF patients still have the highest death rate among the diagnostic groups on the transplant waiting list [8••, 9] .
Disease severity
Even before the response to initial medical therapy has been determined, early referral for transplant evaluation is preferred. No definitive staging system exists for assessing the severity of IPF, although patients usually progress from mild to moderate to severe respiratory limitation. Disease severity is assessed on the basis of underlying pathological features, high resolution computed tomography (HRCT) features, pulmonary function tests, 6-minute walk tests (6MWT) and coexistent pulmonary hypertension.
It is possible to perform detailed scoring of individual histopathological features that correlate with outcomes. Usual interstitial pneumonia (UIP) is characterized histopathologically by a temporal heterogeneity and has a poor prognosis. The number of fibroblastic foci, which are one of the pathologic characteristics in UIP, is a significant prognostic factor; a higher number of fibroblastic foci have also been associated with a decline of forced vital capacity (FVC) and diffusing capacity of the lung for carbon monoxide (DLCO) over the course of a year [10] . Nonspecific interstitial pneumonia (NSIP) is characterized histopathologically by temporally uniform interstitial pneumonia, and is associated with different clinical characteristics and prognoses [11, 12] . NSIP is divided into two subtypes, cellular and fibrotic; the former has an excellent prognosis compared to the latter [12] .
HRCT has an important diagnostic role in the diagnosis of the subtype of IPF [13] . Reticular opacities and areas of honeycombing limited to sub-pleural and basilar areas are seen in IPF [14] . A ground-glass/consolidation predominant pattern is seen in NSIP [15] . HRCT may have important role in the prognostic significance in IPF [15, 16] . The presence of honeycombing predicts poor survival, and the extent of consolidation and ground-glass opacity correlates with serial time changes in lung function in fibrotic NSIP [15, 17] .
Pulmonary function tests are important in IPF to establish disease severity and as a prognostic indicator. A reduction in FVC and DLCO is associated with shorter survival. A DLCO of <35 % predicted at referral is highly predictive of mortality in IPF and NSIP [18] [19] [20] , irrespective of the histological diagnosis [21] . Egan et al. have proposed a simple stratification system characterizing patients with IPF and patients with NSIP as having advanced disease if the baseline DLCO <39 % predicted, and limited disease if the DLCO is >40 % predicted [22] . A fall of >10 % in FVC or >15 % in DLCO in the first 6-12 months is associated with greater mortality [23•] . The composite physiological index (CPI) formulated by Wells et al. was constructed against the morphological severity of the disease in order to calibrate disease severity using PFTs in isolation [24] . The CPI score was a determinant of outcome in patients with IPF [21] .
Exercise testing is utilized to evaluate the level of exercise intolerance in patients with cardiorespiratory diseases. Cardiopulmonary exercise testing (CPET) is considered the gold standard to study a patient's level of exercise limitation and its causes. Fell and colleagues examined the role of maximal oxygen uptake during CPET as a predictor of mortality in 117 IPF patients. Patients with baseline maximal oxygen uptake less than 8.3 ml/kg/min during CPET had an increased risk of death, although they were unable to define a unit change in maximal oxygen uptake that predicted survival in their cohort of patients [25] . 6MWT parameters are considered to be important predictors of mortality among patients listed for lung transplantation. Oxygen desaturation to 88 % or less while breathing room air and the distance of less than 207 meters during 6MWT have been associated with a higher risk of death in IPF patients [26, 27] . Abnormal heart recovery in patients with IPF after a 6MWT is also predictive of poor survival [28] .
Patients with advanced IPF have a high prevalence of pulmonary hypertension [29, 30] : 31-46 % of patients have a mean pulmonary arterial pressure (PAP) >25 mmHg at rightsided heart catheterization on evaluation for lung transplantation [30, 31] and 86 % at the time of transplantation [32] . In retrospective studies, poor outcomes have been identified in patients with IPF and concomitant pulmonary hypertension [29, 33, 34] ; premature mortality post lung transplantation has been reported [35] . Pulmonary hypertension is also associated with the development of acute exacerbations and with poor survival in patients with IPF [36•].
Patient selection
IPF patients failing medical therapy should be carefully selected for transplantation (see Table 1 ). They must fulfill the general indications and have no contraindications. The older patient has a comparatively shorter survival time, which is likely attributable to comorbidities [9] . The median survival after transplantation for those >60 years and <50 years is approximately 3.5 and 5 years respectively. As a result an upper age limit of 65 has been utilized in eligibility criteria in many transplant centers; however, current evidence suggests that older patients are being considered for transplantation [9] . Of all lung transplants performed worldwide between 2000 and 2005, 5.3 % were for recipients older than 65 years [9] .
Nutritional status of patients has been highlighted an important factor. Recipients with a BMI greater than 30 kg/m 2 are at increased risk for 90-day mortality post transplantation [37] . A trend to higher 90-day mortality is seen among recipients with a BMI <17 kg/m 2 [9, 38] . Potential recipients should be screened for occult disease during their pre-transplant evaluation. The age, smoking history and other risk factors predisposes these patients to chronic illnesses. Chronic medical conditions that may be adequately controlled and have not resulted in end-organ damage are acceptable in lung transplant candidates, e.g. hypertension. Optimization of certain diseases may be essential, including osteoporosis, diabetes, advanced cardiovascular disease and left ventricular dysfunction. For example, studies have shown satisfactory results for percutaneous revascularization or concomitant bypass surgery at the time of transplantation [39, 40] .
Patients with malignancy in the last 2 years, except for cutaneous squamous and basal cell carcinoma, should not be considered for transplantation. A further absolute contradiction is active chronic viral hepatitis B, hepatitis C or AIDS. Patients with significant chest wall or spinal deformity; noncompliance with medication; current substance addiction (nicotine, alcohol or drugs) or that are active less than 6 months; untreatable psychosocial or psychiatric conditions; and poor rehabilitation potential should not be considered for transplantation [8••] .
Guidelines for transplantation (see Table 2 ), as per International Society for Heart and Lung Transplant (ISHLT) [8••] , include histological or radiographic evidence of UIP or with at least one of the following: (1) DLCO <39 % of predicted (2) A decrement in FVC >10 % during 6 months of follow up (3) a decrease in pulse oximetry below 88 % saturation during a 6MWT or (4) Honeycombing on HRCT (fibrosis score >2). For patients with NSIP, in conjunction with histological evidence there has to be (1) a DLCO <35 % predicted, or (2) a 10 % decrement in FVC or 15 % in DLCO during 6 months of follow up. The overall median survival for all adult lung recipients is 5.5 years [4••] . The 3-month post transplant mortality is 15 % in patients with IPF, compared to 9 % in patients with COPD. In contrast to overall survival rates, median survival for IPF recipients is 6.9 years, 6.8 years for COPD recipients, and 10.4 years for cystic fibrosis recipients. Age at transplant and comorbidities in IPF and COPD patients may be attributable to the difference in survival compared to other diagnostic groups. The one-year survival for IPF patients with higher LAS (range 52-94.1) was 74 % compared to 84 % to lower LAS (range 31.1-37.8) [7•] .
The decision to perform single lung transplantation (SLT), as opposed to bilateral lung transplantation (BLT), DLCO diffusing capacity of the lung for carbon monoxide; FVC forced vital capacity; 6MWT six-minute walk test; HRCT high resolution computed tomography varies between centers. It has been shown that patients listed for only BLT, as opposed to SLT or BLT, are more likely to die on the waiting list [41•] . The scarcity of organs may be a determining factor. Previously, SLT were opted for, due to it being a limited operation with less cardiac manipulation, leading to reduced complication rates [7•] . However, surgical techniques have been refined, and at present there is a trend for increase in the number of bilateral procedures, with BLT accounting for 72 % of all transplants procedures across all diagnoses; over 50 % of IPF patients received BLTs [4••] . There is also a trend for BLT to be associated with better longterm survival than SLT in IPF recipients [42, 43] .
In summary, lung transplantation may be an option for patients with progressive disease, minimal comorbidities and who fulfill ISHLT guidelines. We recommend early referral for lung transplantation evaluation rather than waiting until the patient has developed advanced disease.
Oxygen therapy
Dyspnoea is a determining factor in decline in the quality of life of patients. Experience of oxygen prescribing in IPF is extrapolated from two clinical trials in COPD patients, the Nocturnal Oxygen Therapy Trial (NOTT) and Medical Research Council (MRC) study [44, 45] . No clinical trials for the use of oxygen therapy in IPF patients have been performed. However, recent guidelines strongly recommend use of oxygen in patients showing clinical resting hypoxaemia (Sp O2 of <88 %, PaO2 of 55-65 mmHg) [1••] . Patients demonstrating exertional hypoxaemia on 6MWT would benefit from ambulatory oxygen. Sleep-related hypoxaemia as assessed by overnight pulse oximetry should be managed with overnight oxygen. Finally, patients should undertake 'fitness to fly' test and oxygen should be organized for air travel [46•] . Patients should be reassessed regularly and oxygen prescriptions should be altered as oxygen demands change.
Pulmonary rehabilitation
In IPF impaired gas exchange occurs as a result of destruction of the pulmonary capillary bed, resulting in ventilationperfusion mismatch and oxygen diffusion limitation. IPF patients report exertional breathlessness, hypoxaemia and fatigue that result in low physical activity. This leads to worsening exercise capacity, muscle deconditioning and worsening symptoms. Furthermore, immunosuppressive agents and corticosteroids lead to progressive myopathy. To break this self-perpetuating cycle, pulmonary rehabilitation (PR) may offer benefit in these patients. The consensus statement by the ATS/ERS defined PR as 'an evidencebased, multidisciplinary, and comprehensive intervention for patients with chronic respiratory diseases who are symptomatic and often have decreased daily life activities. Integrated into the individualized treatment of the patient, PR is designed to reduce symptoms, optimize functional status, increase participation, and reduce health care costs through stabilizing or reversing systemic manifestations of the disease' [47] .
PR is proven to be beneficial in alleviating most symptoms of patients with COPD [48] . Until recently, most evidences for PR in IPF have been extrapolated from the data in COPD studies. The British Thoracic Society guidelines recommended that the patients with ILD should have access to a local PR programme using the same criteria for referral as for the patients with COPD [23•] . In recent years, there has been a concerted effort to generate evidence for PR in IPF patients.
PR has been associated with improvement in 6MWT distance, dyspnoea, and health-related quality of life parameters without improvement in pulmonary function [47, 49, 50] . The benefit seen is only modest when compared to COPD patients. Moreover, it was not sustained and did not improve health status [51•] . The lack of benefit may be due to lack of standardized protocol for PR, unknown optimal duration and absence of formal after care programme in IPF patients.
The duration of the PR may be an important factor. Many studies have ranged from 4 to 12 weeks. Salhi and colleagues demonstrated significant clinical improvement in patients with restrictive lung disease in maximal and submaximal exercise capacity, muscle force, and quality of life after 12 weeks, with further improvements after 24 weeks. The study grouped together IPF and non-IPF ILD patients, which may explain why the results are at variance with other studies that failed to show any sustained benefits of PR in IPF at 6 months [49, 50, 52•] . This observation calls for the development of an IPF-specific rehabilitation program to achieve the maximum benefit.
Peripheral and respiratory muscles weaknesses are also significant contributors to exercise limitation in IPF patients [53•] . Quadriceps force is related to exercise capacity in patients with IPF [54] . PR consisting of exercise training of muscle of the lower extremities improved overall exercise tolerance in IPF patients.
To date, fatigue in IPF has received little attention, unlike cancer related-fatigue [55] . A recent small pilot study showed that PR improved the mean fatigue level in patients with IPF, and in conjunction, there were trends toward improvement in anxiety, depression, energy level and physical health status. [56•] .
A retrospective trial showed more pronounced, clinically significant improvement in 6MWT distance and dyspnoea in patients with the worst baseline walk distances [57] . It seems plausible that the immediate post-exacerbation enrolment of these patients over-estimated the severity in these patients. Two more recent studies contested this observation [58, 59•] . Holland and colleagues demonstrated, in a cohort of 44 patients with ILD (including 25 patients with IPF), a greater benefit of PR in patients with less severe IPF, less exercise-induced oxygen desaturation and lower right ventricular systolic pressure [58] . Kozu et al. have shown that IPF patients with less symptomatic disease and less severe functional limitation (MRC dyspnoea score of 2-3) do benefit from PR [59•] . The severe physical disability may render patients with advanced disease not to perform the PR at full intensity and achieve the maximum benefit. Hence, early referral of IPF patients for PR may be appropriate.
Further large randomized control trials are needed to explore the best IPF-specific PR protocol, optimum duration and after-care to assess long-term benefits.
Palliation
Palliative care aims to reduce the burden of symptoms and provide comfort to patients contemplating the end of life. In conjunction with relief from physical suffering, it improves quality of life by alleviating emotional suffering, acknowledging the goals and values, and giving consideration for psychological and spiritual support for patients and their caregivers [60] . Patients with IPF should have access to palliative services in the hospital, in their own homes and be able to avail of hospice facilities.
Advance care planning, a discussion between a patient and their care providers, should be undertaken when patients have time and are able to make decision about lifeprolonging therapies. These discussions should occur in the outpatient department or after admission into hospital [61, 62•, 63•] . With the patient's agreement, these discussions should be documented, regularly reviewed, and communicated to key persons involved in their care.
Advance directives clarify refusal of treatment or what patients do not wish to happen. This involves assessment of mental competency as the decision can be legally binding. It also strengthens the role of the Lasting Power of Attorney to enable a nominated proxy person to make decisions about medical and social welfare issues [63•] . In contrast, advance statements are not legally binding, but are invaluable in determining future provision of care. The patient's concerns, their personal goals for care, their comprehension about their illness and prognosis and their preference for care or treatment that may be beneficial in the future are documented [63•] .
Discussions with IPF patients should include resuscitation procedures in the event of cardiopulmonary arrest and mechanical ventilation. There is a high rate of mortality, between 87 % [64] and 96 % [65] , associated with mechanical ventilation in IPF patients [66, 67] . Non-invasive ventilation has not been evaluated in a palliative care setting. This should be explained to patients and their caregivers [1••] .
Palliation requires symptom management. Dyspnoea and cough have been the most frequently reported symptoms in IPF [68, 69] . The cause of breathlessness can be multifactorial: respiratory (disease progression), cardiovascular (pulmonary hypertension), mechanical (muscle wasting) and psychological (depression and anxiety).
There are a plethora of scales and scores that attempt to quantify the breathlessness [70•, 71] , although none has been specifically developed for use either in the IPF population or in the context of palliation. A longitudinal study in IPF reported that the MRC dyspnoea score was the most significant single predictor of survival and was a sensitive tool in detecting IPF progression [72•] . For patients on a palliative care pathway, both oxygen and opioids should be considered. There are no definitive studies examining the role of opioids, with the exception of one small study of 11 patients in the terminal stages of IPF that showed that a low dose of diamorphine improved subjective breathlessness and mean pulse rate [73•] .
For many patients with IPF, cough is more debilitating than breathlessness. Cough can be difficult to treat and can be attributed to the illness itself, exacerbations, gastrooesophageal symptoms and difficulty with sleeping. Recurrent wakening can impact quality of life. The Leicester Cough questionnaire is the most frequently used measure of cough associated with IPF. It is a 21-item questionnaire that is subdivided into three domains: social, psychological and physical. It has been found to correlate well with objective cough counts in patients with IPF [73•] . Codeine and opioids are effective antitussives; however, no trials support their routine use in IPF [74] . Thalidomide has been shown to suppress cough [75] and improve the quality of life [76•] .
Anxiety and depression are also prevalent symptoms in IPF patients [77] . These can be precipitated by the chronic symptoms, inability to cope with the illness and the poor prognosis itself. Qualitative studies with patients with COPD and ILD describe patients' understanding of acute dyspnoea as an experience inextricably related to anxiety and emotional functioning. The Hospital Anxiety and Depression Scale (HADS) is frequently used in patients with IPF. Whether depression and anxiety are experienced as separate entities in IPF in relation to ongoing symptoms requires further exploration. Patients should be offered psychological and counselling support, and antidepressants should be considered in patients who do not respond to above measures.
The UK Regional Study of Care for the Dying identified that patients with chronic lung disease at the end-of-life had physical and psychological needs similar to those with lung cancer [78] . End-of-life studies in IPF are urgently needed to determine the physical and psychological burden of this disease and to improve palliative care provision.
Conclusion
It is of paramount importance that IPF patients have access to both pharmacological and non-pharmacological therapies. Patients should be assessed on a regular basis and treatments should be evaluated and adjusted accordingly. Those who are eligible should be referred for clinical trials. Patients with progressive disease and who meet the ISHLT guidelines should be referred for lung transplantation. Supportive measures including oxygen and pulmonary rehabilitation should be made available. For those patients with advanced disease, referrals to palliative services should be made.
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